AB STRA CT Measurements of mean left ventricular (LV) and regional myocardial blood flow rates were made at rest in 161 patients with '=Xe and a multiplecrystal scintillation camera. Myocardial perfusion rates were correlated with assessments of the degree of coronary artery disease made from the arteriograms obtained during the same studies. In patients with normal coronary arteries without heart failure, the presence of hypertension, aortic stenosis, or aortic insufficiency was not associated with changes in mean LV perfusion from the control value of 61±7 ml/100 g min. However, mean LV perfusion was significantly reduced in patients with normal coronary arteries who had cardiomyopathy and impaired ventricular performance. Mean LV perfusion was not significantly different from control valtues in patients with "mild" coronary artery disease (< 50% obstruction) or in patients with significant isolated disease (> 50% obstruction) of the left anterior descending (LAD) artery. Significant reductions in mean LV perfusion were found in patients with > 50% obstruction of two coronary arteries (LAD + right or LAD + circumflex) and in patients with triple-vessel disease.
AB STRA CT Measurements of mean left ventricular (LV) and regional myocardial blood flow rates were made at rest in 161 patients with '=Xe and a multiplecrystal scintillation camera. Myocardial perfusion rates were correlated with assessments of the degree of coronary artery disease made from the arteriograms obtained during the same studies. In patients with normal coronary arteries without heart failure, the presence of hypertension, aortic stenosis, or aortic insufficiency was not associated with changes in mean LV perfusion from the control value of 61±7 ml/100 g min. However, mean LV perfusion was significantly reduced in patients with normal coronary arteries who had cardiomyopathy and impaired ventricular performance. Mean LV perfusion was not significantly different from control valtues in patients with "mild" coronary artery disease (< 50% obstruction) or in patients with significant isolated disease (> 50% obstruction) of the left anterior descending (LAD) artery. Significant reductions in mean LV perfusion were found in patients with > 50% obstruction of two coronary arteries (LAD + right or LAD + circumflex) and in patients with triple-vessel disease.
The average perfusion rate for regions distal to LAD obstructions in patients with isolated LAD disease was not lower than the LAD perfusion in control patients, but was significantly reduced in patients with LAD + right coronary artery disease (43±14 ml/100 g.min).
In the latter group average perfusion distal to the LAD lesion was significantly lower than the average regional perfusion rate for the remainder of the LV. However, Dr. Cannon was the recipient of Career Development Award HL-15031 from the U. S. Public Health Service.
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the mean blood flow rate for the remainder of the LV was also significantly lower than control values despite the lack of significant circumflex disease.
The data demonstrate that the presence of radiograplhically "mild" or significant isolated LAD coronary disease is not associated with reductions in mean LV perfusion at rest, but that mean LV perfusion is reduced in the presence of significant disease of two or three coronary arteries. None of the patients experienced angina dturing the resting studies and most had clinical evidence of ventricular failure. The observation of depressed LV perfusion in this group, as in the patients with cardiomvopathy, raises the possibility that a lowered resting blood supply may be adequate for a reduced level of per-formance of a diseased ventricle. The lack of selec-
INTRODUCTION
The relationship between resting myocardial blood flow and coronary artery disease has previously been the subject of several studies. Five groups of investigators found no significant differences in the myocardial capillary blood flow rates per gram of left ventricle (LV)1 grams and others with significant coronary disease when they monitored single myocardial washout curves of nitrous oxide or radioactive inert gases (1) (2) (3) (4) (5) . In contrast, Cannon et al. found average mean LV perfusion to be significantly lower in patients with two-vessel left coronary artery disease than in patients with normal left coronary arteriograms (6); they studied regional myocardial perfusion with '"Xe and a multiple-crystal scintillation camera. A reduction in average LV blood flow per unit mass of tissue in a group of patients with advanced coronary disease has also been reported by Klocke et al., using the He washout technique with coronary sinus sampling (7) . The differences in these reports may have been related to the different measurement techniques used to estimate myocardial blood flow.
The present study was designed to explore the relationships between coronary artery lesions visualized radiographically in patients with coronary artery disease and both the mean LV and the regional myocardial blood flow rates per unit mass of tissue which are present at rest. 161 patients with varying degrees of coronary atherosclerosis studied at The Columbia Presbyterian Medical Center are the subjects of this report. In each patient the regional and mean LV myocardial perfusion rates obtained with a radioisotopic method were correlated with independent standardized radiographic assessments of the severity and extent of the coronary vascular disease.
The technique used to measure blood flow in the present study employs a scintillation camera comprised of multiple collimated individual detectors to externally monitor 'Xe washout curves from many areas of the myocardium (8) . Regional myocardial blood flow rates in different areas of the heart are computed by the Kety formula (8, 9) . Spatial separation of myocardial regions permits areas of myocardial underperfusion to be represented in the mean LV blood flow which is calculated by averaging the many regional perfusion rates measured in a given ventricle.
METHODS
Cardiac catheterization and coronary arteriography were performed only on patients for whom the studies were indicated clinically. Usual indications were a history of angina pectoris, atypical cardiac pain, congestive heart failure of uncertain etiology, and evaluation for cardiac valve surgery. Informed consent for the isotopic measurements of myocardial blood flow was obtained from each patient. The investigative protocols were approved by the Human Investigation and Joint Radioisotope Committees of The Columbia Presbyterian Medical Center. There were no complications related to the blood flow studies.
Coronary arteriography was performed by a modified Judkins technique (10) . Images of contrast material injected into the coronary arteries were recorded on cine and/or serial cut films at a framing rate of 50 frames per second by using a 6-inch image intensifier and 35-mm film. After visualization of each artery, the measurements of regional myocardial perfusion were performed. In most patients, roentgenographic assessments of LV volume and ejection fraction were also performed after contrast material was injected into the LV (11) .
The radioisotopic measurements of regional myocardial perfusion were made by a method outlined briefly below. The method has been described in detail and illustrated previously (6, 8, 12 (13) , and p is the specific gravity of the tissue (1.05).
The patterns of local myocardial perfusion rates so obtained were then superimposed upon a tracing of the patient's LAO right or left coronary arteriogram (Fig. 1) . Allignment and appropriate magnification of the two patterns were facilitated by the presence of the same radioactive-radiopaque markers on both the LAO coronary arteriogram and on the computer printout of local myocardial blood flow rates. A mean LV myocardial perfusion rate was calculated by averaging the local blood flows recorded by all of the crystals overlying the LV (Fig. la) Radiographic criteria for describing vessels as collaterals were: (a) visualization of accessory blood vessels which either filled the distal segment of anl occluded or stenotic coronary artery or supplied an area of myocardium distal to a lesioni or (b) visualization of a coronary artery after injection of contrast material into the contralateral artery.
Collaterals were described as "inadequate" or "nmarginal" if the coronary artery supplied by the collateral vessels did not fill to a diameter of 1 mm or if the transit of contrast through the collateral vessels to the obstructed arterial segment was significantly delayed. "Adequate" collateral vessels were described as those that were clearly visualized, had a normal transit time for contrast material, and which filled the arterial segment beyond the coronary lesion to a diameter of at least 1 mm.
RESULTS
Normal coroniary arteries antd "miiild" corontary artery disease. The control subjects were 12 patients referred for study because of complaints of precordial pain, coronary risk factors, or a previous unexplained episode of congestive heart failure. None gave a history of chest discomfort that was typical of angina pectoris. At the time of cardiac catheterization, all had normal heart size, ilormal intracardiac pressures, normal left ventriculograms, and normal right and left coronary arteriograms (Table I) . The mean myocardial blood flow rates for the LV in the control group averaged 61 ml/100 gmin (Table II) ; individual values appear in Fig. 2 . The average blood flow rate in the myocardial subregion supplied by the LAD was 60 ml/100 g min and not significantly different from that of the Circ. subregion, 62 ml/100 g-min. Individual LAD regional perfusion rates are graphed in Fig. 3 . The peak count rates recorded by crystals overlying the LAD and Circ. subregions were also not significantly different from each other. The coefficient of variation of the multiple measurements of local LV myocardial perfusion made in each subject averaged 18%. This variation includes both variation in local LV perfusion rates and measurement error. The variance of the local flow rates significantly exceeded the variance of the standard deviation of each individual perfusion measurement (P < 0.05) indicating mild heterogeneity of LV perfusion in these subjects with normal coronary arteriograms and normal cardiac hemodynamics.
10 patients had "mild" coronary disease and an average arteriographic score of 10. The average mean LV blood flow rate in this group, 59+17 ml/100 g.min, and the blood flow rates in the myocardial subregions sup0°r- plied by the LAD and Circ. arteries were not significantly lower than the values found in the control subjects (Tables I and II). 19 patients with essential hypertension, mild aortic stenosis, or aortic insufficiency had normal coronary arteriograms. The average mean LV myocardial blood flow rate in these patients was not significantly different from that of the control group (Fig. 4) . In contrast, the average mean LV perfusion was significantly reduced below the controls in 15 patients with normal coronary arteriograms who had depressed ventricular performance due to cardiomyopathy. In another 19 patients with the four heart diseases, there were no significant reductions in average mean LV perfusion rates from the respective control values when "mild" coronary artery lesions were visualized.
Significant one-vessel disease: isolated LAD lesions.! The average total arteriographic score was 47 in 16 patients with isolated significant lesions of the LAD. The average mean LV myocardial blood flow rate in this group, 58 ml/100 gmin, was not statistically different from the average mean LV perfusion rate found in the controls. Mean LV perfusion rates for the individual patients appear in the third column of Fig. 2 .
'An insufficient number of studies of regional perfusion were performed on patients with LM coronary disease, isolated right coronary disease, isolated Circ. disease, or Circ. + right coronary disease to develop statistical comparisons with the control subjects. BP, blood pressure; CHF, congestive heart failure; HR, heart rate; MII, myocardial inifarction.
Regional Myocardial Perfusion and Coronary Arteriographic Lesions
The average score for the LAD artery in these patients was 38 and the scores for each of the other three arteries were less than 5. With arteriographic landmarks, the average resting perfusion rates and peak count rates observed in the myocardial region distal to the coronary obstruction on the LAO perfusion pattern were compared to the respective average values found in the rest of the same ventricles in 14 patients. The average mean regional myocardial blood flow> rate distal to the LAD lesion, 55+11 ml/100 g.min, was not significantly different from the average mean perfusion rate for the remainder of the ventricle, 57+8 ml/100 g* min (Table II) or from the average mean LAD regional perfusion rate for the control group, 60±7 ml/100 g* min (Fig. 3) . Similarly the average peak count rate recorded by crystals distal to the lesions were not different from the corresponding values for the remainder of the LV. In three patients the myocardial perfusion rate distal to the LAD lesion was <45 ml/100 g.min (Fig. 3) . The same three patients had similarly depressed blood flow in the remainder of the LV and had abnormal ventriculograms.
Significant two-vessel disease: LAD + right lesions. The total arteriographic score averaged 90 in the 17 patients with significant disease of the LAD and right coronary arteries. The average scores in the two vessels were 41 and 39, respectively. The mean LV myocardial blood flow rates in this group averaged 47±12 ml/100 g* min. This w-as significantly lower than the average mean LV blood flow observed in the control subjects (P <0.01) and in those with "mild" coronary disease (P < 0.05). Individual mean LV perfusion rates in the LAD + right group are depicted in the fourth column of Fig. 2 .
The average myocardial blood flow rate in the stubregion distal to the LAD lesion (Fig. 3) nificant depression of regional distal LAD flow was accompanied by depression of the flow in the remainder of the LV. Seven of this latter group had an increased left ventricular end-diastolic pressure (LVEDP), and seven had abnormal ventriculograms (Table I ). Significant two-vessel disease: LAD + Circ. lesions.
In the eight patients with significant disease of the LAD and Circ. arteries the average total arteriographic score was 82. The average scores for the LAD and Circ. were 38 and 38, respectively. The average mean LV myocardial blood flow rate of 53± 10 mVl100 g*min and the perfusion rates in the LAD (51+11 ml/100 g.min) and the Circ. (51 +11 ml/ 100 g min) subregions were reduced significantly below the corresponding values found in the control group. The mean LV perfusion rates in each patients are depicted in the fifth column of Fig. 2 . Significant triple-vessel disease: LAD + Circ. + right lesions. 45 patients with significant triple-vessel disease had an average arteriographic score of 130. The average scores for the individual vessels were: right, 42; LM, 3; LAD, 43; Circ., 41. 15 patients manifested congestive failure, 18 had cardiomegaly, 25 had an elevated LVEDP, and 31 had abnormal ventriculograms (Table I) .
Average mean LV myocardial blood flow rates were diffusely reduced in the patients with significant triplevessel coronary disease. The average mean LV perfusion rate of 45±9 ml/100 g-min and the blood flow rates of the LAD and Circ. subregions were significantly reduced below the respective values found in the control group (P < 0.01) and in those witlh isolated LAD disease (P < 0.01) (Table II, Fig. 2 ). Although the average mean LV myocardial blood flow rate was also lower than that observed in the patients with two-vessel disease (LAD + right and LAD + Circ.), the differences did not attain statistical significance. Heterogeneity of LV myocardial perfusion was increased in the patients with triple-vessel disease. The average coefficient of variation of the multiple local LV perfusion rates measured in each patient was 23%, a value significantly higher than the 18% observed in the control patients. An example of a perfusion pattern of a patient with triple-vessel disease is depicted in Fig. 5 .
Correlations of regional and mean LV perfusion with arteriographic scores. The relationship between perfusion values and arteriographic scores was assessed by a nonparametric statistical technique (Spearman's coefficient of rank correlation). The regional perfusion rates (Fig. 6) . DISCUSSION Study design. Although arteriography permits visualization of coronary artery lesions, it provides no information concerning the effect of these lesions upon blood flow or information concerning the relationship between coronary perfusion and the metabolic demands of myocardial tissue. The purpose of the present study was to measure mean LV and regional myocardial blood flow rates in patients wvith coronary heart disease at rest and to compare these measurements with independent standard radiographic assessments of the coronary arterial disease. The coronary lesions in each patient were carefully evaluated from the arteriograms by radiologists using a widely accepted format (14) and having no knowledge of the myocardial perfusion data. For purposes of presentation, the patients were grouped by the significance and extent of disease in different vessels. Other investigators have measured the average LV myocardial blood flow per unit mass of tissue in patients and related this to coronary arteriographic lesions (1-5, 7). However, the distribution of lesions within the heart Nas not assessed in those reports, and measurements of blood floNw in discrete regions of the myocardium were not performed.
Regional myocardial capillary blood flow in the LV in the present study was measured with "3Xe and a multiple-crystal scintillation camera. This technique provides quantitative estimates of capillary perfusion in multiple regions of the heart after the radioisotope is injected into a coronary artery (6, 8, 12) . Computer analysis of the multiple local "3Xe washout curves provides both accurate estimates of tracer clearance from heart muscle and statistical assessments of the accuracy of the measurements. It must be reemphasized, however, that the primary data obtained in these studies were the rate constants of 133Xe washout from the individual areas of the heart viewed by the multiple detectors; these were calculated by monoexponential analysis of the initial portions of each tracer curve. The expression of the primary data in terms of blood flow (Table II) Normal coronary arteries and mild coronary disease. The control subjects had normal coronary arteriograms, did not have angina, and had no hemodynamic or ventriculographic evidence of ventricular malfunction at the time of study. Abnormalities on the ECG of four and a past history of congestive failure in one suggest that some of the group had occult heart disease, however. The average mean LV myocardial blood flow rate of 61 ml/100 g-min in this group is similar to the value of 64 ml/100 gmin obtained previously in a series of patients with heart disease and normal coronary arteriograms who were studied at Roosevelt Hospital (6) . It is similar also to control values obtained by others who measured single myocardial washout curves of '"Xe or He (2, 7), but is lower than those obtained by groups using the nitrous oxide technique (1, 15, 16) , which has yielded a wide range of values in normal subjects (17) . In the control subjects, the regional myocardial blood flow rates in the areas of LV supplied by the LAD and Circ. arteries did not differ significantly from each other (61 and 62 ml/100 g.min). The 18% variability in the local LV perfusion rates in the control subjects significantly exceeded the variability of the standard deviations of the individual flow measurements (error term). This result confirms a previous finding (6) and is indicative of a mild (< 18%) heterogeneity of local myocardial perfusion rates in the LV of patients with normal coronary arteriograms. LV myocardial blood flow heterogeneity has also been reported in patients and in dogs with normal coronary arteries by investigators who used other techniques to estimate regional myocardial perfusion (18) (19) (20) .
The total and regional myocardial blood flow rates were not significantly reduced below those of the control group in 29 patients with < 50% obstructions on the coronary arteriograms. These data are consistent with data of Smith et al. (21) (40mI/1OOg*min) FIGURE 5 The myocardial perfusion pattern from a study of a patient with radiographically significant disease of three coronary vessels. The patient had an increased JLVE-DP and diffusely hylpokinetic ventricular cointractions.
and flowss distal to lesions > 80%CY w-ere reduced. Gould et al. (22) , using flowmeters in dogs during progressive coronary constriction, reported that resting coronary flow was not reduced uintil the lumeni diameter was narrowed 85-90%c bult that the hyperemic response to injection of contrast material fell progressively withl coInstr-ictionis > 35%c.
In the studies of patients with normal coronary arteriograms who had essential hyperteinsioln, mild aortic stenosis, or aortic inisufficiency and mvocardial hypertrophly without evidence of ventricular failure, the average mean LV perfuision rates wvere not different from that of the controls (Fig. 4) . In contrast, there was a significant reduction in the average mean LV perfusionl rate per unit mass of tissue in patients vith normal arteriograms who had depressed ventricular function secondary to cardiomyopathy. In unpublished studies, LN' m ocardial blood flow rates in patients with cardiomvopatlhy increased uniformly in response to atrial pacing to the levels found in the control subjects at rest. This observation plus other studies in animals (23) and patients (24) suggest that there is a relationship between the resting level of myocardial perfusion and three of the major determinants of myocardial oxygen consumption. hieart rate, peak wall stress, and contractility. These demonstrations that there are differences in resting LV, myocardial perfusion rates in animals or patients with normal coronary arteries imply that the effect of significant coronary lesions upon regional myocardial blood flow must be interpreted against the background relationship between myocardial blood flow and ventricular performance wlhich exists in a given patient at the time of study. (Fig. 3) the much larger LV regions of normal blood flow brought the average mean LV perfusion rate within the range of normal.
The average mean LV perfusion was significantly reduced, however, in the 70 patients with radiographically significant two-and three-vessel coronary disease (LAD + right, LAD + Circ., LAD + Circ. + right). This observation is in conflict with previous reports of normal flow/unit mass in coronary patients by workers who measured the myocardial washout of inert gases with coronary sinus blood sampling or with a single precordial scintillation detector (2, 3, 5). However, it confirms in a large population our previous finding that mean LV perfusion/unit mass of tissue was reduced in patients with significant disease of two left coronary vessels (6) . Recently Klocke and co-workers also reported that mean LV perfusion was reduced in a series of patients with arteriographically "advanced" coronary disease who were studied with the He washout technique and coronary sinus sampling (7). Hodges et al., using the same He technique, found reduced LV perfusion/mass of tissue in a series of patient with acute myocardial infarction (25) . The differences in the reports probably relate to methodological differences. Studies in dogs with coronary occlusions indicate that the N20 method and techniques in which only a single 'Kr or '"'Xe myocardial washout curve is measured after a bolus coronary injection overestimate average LV myocardial flow/unit mass because areas of reduced perfusion are inadequately represented in the single washout curve (7, 26) . Radiographically significant coronary disease: regional LV perfusion. In the patients with isolated LAD lesions, the average regional myocardial blood flow distal to the lesions did not differ significantly from that of the remainder of the ventricle. Since the average LAD arteriographic lesion (score, 38) corresponds to a 60-80% obstruction, this may be additional evidence in man that lesions <80% do not reduce resting myocardial blood flow (21) . In the patients with significant LAD and right coronary disease, however, the average regional perfusion distal to the lesion was significantly lower than in the remainder of the LV. Inspection of Table II indicates that in five patients with LAD + right disease, the average LAD score was 25, corresponding to a 50-60% stenosis; perfusion distal to the lesion in these patients was not different from the rest of the ventricle.
In 10 others, there was a mean LAD score of 50, indicating total LAD occlusion; in these patients, the myocardial perfusion distal to the lesion (41 ml/100 g min) was significantly lower than in the remainder of the LV (49 mVl100 gmin). These data suggest therefore, that resting myocardial perfusion is not selectively reduced distal to a coronary stenosis until the lumen diameter has been reduced 90-100%. Bunnell et al., in a preliminary communication (27) , reported that the LAD regional perfusion rates measured at rest with the He washout technique and sampling of the great cardiac vein were normal in the majority of a group of patients with isolated LAD stenoses of less than 90% but were reduced below controls in those with 90-100% lesions.
Perhaps vasodilitation of coronary arterioles distal to the large vessel lesions maintains resting myocardial capillary blood flow at or near normal basal levels (22, 28) .
Seven of the patients with total LAD occlusions in this group had previous myocardial infarction and selective reduction of myocardial perfusion in the regions of infarction. This confirms a previous study of 10 patients with anterior transmural infarction and > 90% stenoses of the LAD whose resting myocardial blood flow/unit mass was reduced in the LAD region (29) .
Average perfusion distal to the LAD lesions in the patients with LAD + right coronary disease was significantly lower than the average perfusion in the LAD area in the controls (Fig. 3 ). An unexplained observation in this group was that regional flow in the Circ. area was also depressed in left coronary studies in patients with significant LAD disease even though the degree of Circ. disease apparent on the arteriograms was insignificant (Table II) .
Methodological considerations. One possible explanation for the observation that regional myocardial flow was sometimes reduced in areas where significant disease was not visualized and for the poor correlations between perfusion and arteriographic score is imprecision in the technique of coronary arteriography itself. Radiologists have remarked upon the difficulty in discerning the exact degree of concentric narrowing of a coronary blood vessel from a single-plane cine or cut film (14) . Pathologists have observed that the extent and amount of atherosclerotic coronary disease found at autopsy in patients with ischemic heart disease often exceeds that anticipated from antemortem coronary arteriograms (30, 31) .
Alternatively, the poor correlations may be related to deficiencies of the technique to measure regional myocardial blood flow. A detailed discussion and critique of the method used in the present studies has been presented elsewhere (8, 12) along with a discussion of its limitations and advantages. One of the limitations is that the Regional Myocardial Perfutsion and Coronary Arteriographic Lesions studies of regional perfusion at rest (Tables I and II) were performed with the patient in the LAO position only. (The limited radiation detection efficiency of the multiple-crystal camera precluded use of thicker collimators, so that multiple measurements in different projections could not be performed [8] . It has been shown that '"Xe measuremenelts (single myocardial washout curves) overestimated mean LV flow per unit mass of tissue in the presence of experimental coronary constrictions because low floxv regions received inadequate representation in the sinigle waslhout measurement (7, 26) . WVe believe that regions of reduced myocardial perfusion are represented in the measurements of mean LV perfusion using "Xe and the multiple-crystal camera, however (8, 12 (7, 25) .
Another significant limitation of the measurement technique used in these studies is its inability in its present form to distinguish epicardial from endocardial blood flow (8, 12) . Nevertheless, we believe that the measurement obtained in each region represents a wveighted average of the blood flow rates across myocardial tissue viewed by an individdual crystal. Tlle monoexponenitial analysis of the initial slope of the '"Xe curve approximates the derivative at time zero of the curve. In the presence of transmural heterogeneity of perfusion in coronary disease, the initial slope analysis of a multiexponential tracer wsashout curve would yield a rate constant w-hich is the average of the different flow compartments in the tissue wlhiclh is weighted by the relative total flow to each compartment. To test this hypothesis, biexponential '>Xe washout curves were generated with rate constants such that flow rates in endocardial and epicardial myocardium were equal to those obtained by Becker et al. (35) and Neil et al. (36) , and intercepts w-ere proportional to the total flowv in the two regions. WNrhen these curves were analyzed by initial slope monoexponential analysis, the flow rates obtained differed by less than 5% from average flow rates calculated by usinlg the microsphere data. They w,ere never directionally opposite, even though the endo-epi flow ratios ranged from 0.67 to 1 (ratios similar to those reported for experimental coronary stenosis at rest anid during induced tachycardia) (35, 36) . Therefore, it appears that in the present measurements alterations in subendocardial perfusion are merged in a weiglhted average flow measurement. In the patients with insignificant reductions in total or regional myocardial perfusion ("mild" disease, isolated LAD disease) or in those witlh significaint re(luctions (LAD + righlt, LAD + Circ., LAD + Circ. + right) reductions of subendocardial perfusion could have been relatively greater.
Pliysiological interpretationzs. Althouglh reductions in mean LV myocardial blood flow/unit mass of tissue were found in the patieints with radiograplhically significanlt two-vessel coronary disease, the data do not provide quantitative informiiation concerning total LV perfusion (milliliters per minute) since LV mllass was not estimated. It does not seem probable, however, that the > 20% reduction of blood flow/unit mass could be accounted for by an increased volume of scar tissue or by mvocardial hypertrophy because 23 of the 70 patients with two-and three-vessel disease had no ECG or historical evidence of infarction. Cardiomegaly was noted by X ray in only 29, and LV hypertroplhy was apparent in oinly 11 (Table I ). Other groups of investigators have used radiolabeled Rb' and K+ and precordial detectors to make estimates of "total myocardial flow" in milliliters per minute in the hearts of control subjects and patients with coronary atherosclerosis. Wlhile the data is coInflicting, the majority of workers have reported reductions of total myocardial flow in coronary artery disease (37) (38) (39) (40) . This suggests that the reduced myocardial flow/unit mass in twro-and three-vessel disease resulted predominantly from a diminution in coronary blood flow rather than from an increase in the mass of tissue. The average 23% coefficient of variation of local LV per-fusion rates in the patients with involvement of three vessels exceeded that of the controls. This confirms previous reports (6, 19, 41) that heterogeneity of regional LV myocardial blood flow rates is increased in patients with significant coronary disease.
None of the patients with reduced resting myocardial blood flow/unit mass of tissue experienced angina or manifested ischemia ECG changes during the studies. Measurements of the arterial-coronary sinus blood oxygen concentration difference made at rest by other workers have usually been normal (42, 43) . These observations suggest that despite a reduced blood flow, the diseased myocardium of the patients with coronary disease may not be ischemic at rest. In 36 of the 70 patients with significant two-or three-vessel disease LVEDP was increased and in 53 ventricular function was abnormal. It is possible that depressed ventricular performance may lower the oxygen requirements of the heart. Thus, a lower level of perfusion may adequately supply the reduced metabolic needs of the diseased myocardium at rest. This speculation is supported not only by the observations in the coronary patients but also by the reduced resting LV perfusion values found in patients with impaired ventricular function with cardiomyopathy (Fig. 4) , primary myocardial disease (24) , and mitral stenosis (44) and by experimental studies in animals with induced heart failure (23, 45) or controlled reductions of coronary artery flow (46) .
Clinical considerations. The method used to measure regional myocardial blood flow with "'Xe and a scintillation camera in these studies is still under development. Some of its limitations and the problems currently under investigation are discussed in detail in other reports (8, 12) . The focus of the present studies was to obtain resting perfusion data (in the LAO projection) on groups of patients with similar coronary arteriographic lesions and to make inferences only from statistically significant bodies of data. The present studies suggest to us that interpretation of coronary lesions visualized radiographically in individual patients will be maximized when multiple regional myocardial blood flow measurements can be made in several projections in order to view regions distal to coronary lesions optimally with minimal overlap of other tissue supplied by the same artery. They also suggest that physiological significance of coronary lesions in terms of flow will be maximized when the studies of regional myocardial perfusion are performed not only at rest but during an intervention which increases myocardial oxygen consumption.
